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(57) Abstract 

A transmitter for a 
cellular phone comprising 
an antenna and being 
operable at a first radio 
frequency band and a 
sccorKl radio frequency 
band is disclosed. The 
transmitter comprises a 
first power ampUher and 
a second power amplifier, 
one of which is active at 
a time. The first power 
amplifier has an input for a 
first signal at the first radio 
frequency band, an input 
for a first controls sigiial 
and a first output for an 
amplified first signal. Ibe 
first output is connectaUe 
to the antenna. The second 
power amplifier has an 
input for a second signal at 
die second radio frequency 
band, an input for a second 
control signal and a second 
output for an amplified 
second signal. The second 

output is conncctablc to the antenna. The transmitter further comprises a single control module associated witti the first and second outputs 
of the power amplifiers. The control module generates a control signal for the active power amplifier. The control signal forms part of 
a feedback control loop, and is a function of tiie amplified signal output from the active power amplifier and a reference signal which 
defines a desired characteristic of the amplified signal. 
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DUAL BAND CELLULAR PHONE WITH TWO POWER AMPLIFIERS 
AND POWER CONTROL dRCUIT THEREFORE 

Background of the invention 

The invention relates to cefiular phones used in mobile communications systems. More particularly, the jnventiDn 
5 relates to a circuit and a method for controling electrical characteristics of a signal transmitted by a dual band cefiular 
phone. 

Usually, celhilar phones are designed to operate within the environment of one of several nH)bile communications 
networks. One example of such an environment is a mobile communications network accorcfing to a standard known as 
GSM (Global System for Mobie communications) created by the European Telecommunications Standards Institute (ETSI). 
10 In GSM. there is an assigned frequency band around 900 MHz for Standard GSM, and an assigned frequency band around 
1800 MHz for DCS 1800 (Digital Corrrniunications System, DCS) which can be considered to be a hirther mobile 
communications environment. Other environments inchide systems known as Advanced Mobile Phone System (AMPS) 
operating in a frequency band around 800 MHz, and as Personal Communications System (PCS) operating in a frequency 
band around 1900 MHz. 

15 As the number of users of cdkjlar phones increases, some operators have added capacity to their networks by 

including more than only one frequency band in their networks. In the case of the GSM system, for example, the frequency 
bands around 900 MHz and 1BO0 MHz are now used to expand the capacities of certain networks. 

Manufacturer of cellular phones, therefore, are developing a new generation of cellular phones which are 
operable at, for example, two frequency bands. A celutar phone operable at two frequency bands is referred to as a dual 

20 band ceBular phone. As the dual band cellular phone has to transmit signals at both frequency bands, dtq)ication of 
functions is required. Dupfeation of functions, however, leads to higher manufacturing costs and uhimately to higber 
prices for the dual band cellular phones. 

Summary of the Invention 

There is therefore a need to keep the manufacturing costs caused by the duplication as low as possible. Further, 
25 there is a need to minimize size of dual band cellular phones because users have come to expect single band ceRular phones 
to be small and to have an attractive design. 

An aspect of the invention invohres a transmKter for a cefiular phone comprising an antenna and being operable at 
a first radio frequency band and a second radio frequency band. The transmitter comprises a first power amplifier and a 
second power amplifier. The first power ampEf ier has a first input for a first signal at the first radio frequency band, a first 
30 control input for a first control signal, and a first output for an amplified first signal. The first output is connectaUe to the 
antenna. The second power ampRfier has a second input for a second signal at the second radio frequency band, a second 
control input for a second control signal, and a second output for an amplified second signaL The second output is 
connectable to the antenna. The transmitter further comprises a control module which is connectAle to the first and 
second control inputs, and is configured to input a portion of an amplified signal into the control module. The control 
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module generates a control signal to control one of the power amplfiers. The control signal is a function of the portion of 
the ampified signals and a reference signal 

Another aspect of the invention invohres a ceMar phone operable at a first radio frequency band and a second 
radio frequency band. The cellular phone comprises a transmitter having first and second power amplifies and a single 

5 control module which is configured to control one of the power amplifiers at a time. 

A further aspect of the invention invo^fe$ a control modide for controlling two power amplifiers in a celMar 
phone. The control module comprises a logarithmic detector and a deferential ampificr. The logarithmic detector has an 
input for receiviiQ a portion of an amplified signal and an output for a detector signal corresponding to the portion. The 
differential ampHficr has an input for receiving a reference signal and an input for the detector signal. The differential 

1 0 amplifier generates an error signal which corresponds to a difference between the reference signal and the detector signal. 
The control modiJe furtfwr comprises an integrator and a shaping circuit. The integrator integrates the error signal and 
generates an integrated error signal. The shaping circuit weights tiie integrated error signal n accordance with a preset 
characteristk to generate the control signal which equalizes noninear amplification characteristics of the power amplifiers. 
An additional aspect of the Invention involves a method for controling electrical characterislics of a signal 

15 transmitted by a dual band cellular phone. The method comprises the step of providing a dual band transmitter which 
comprises a single control module and first and second power amplifiers which can be connected to an antenna. One of the 
first and second power amplfiers is activated at a time, and an RF signal is fed to the activated power amplfier. The 
actuated power amplifier amplHies the RF signal and feeds the amplified BF signal to ti» antenna. A portion of the 
amplified RF signal is coupled from the ampfified signal fed to the antenna and fed to the skigle control module. Within the 

20 control module, tfie portion of the RF signal is detected. The detected signal is compared with a reference signal to 
generate a control signal for the activated power amplfier. The generated control signal is fed to the activated power 
amplifier to provide an amplified RF signal which is in accordance with a desired signal characteristic defined by the 
reference signal 

Brief Description of the Drawings 
25 The above-mentioned and other f eatwes of the invention wl now be described with reference to the drawings of 

a preferred embodiment of ti)e power control circuit comprised in a dual band celular phone. In the drawings, the same 
components have the same reference numerals. The illustrated embodroent is intended to iBustrate, but not to limit the 
inventiqp. The drawings contaiatite following figures: 

Figure 1 is a schematic Bustration of a celular phone cut away to show a portion of the motherboard; 
30 Figure 2 is a simplfied itostration of a transmit patii of ttie ceWar phone shown in figure 1; 

Figure 3 is a schematic iOustration of a first embodinent of a dual band transmitter for a celular phone made in 
accordance with the present invention; 

Figure 4 is a block diagram of a first embodiment of a conUol module included kt the dual band transmitter of 

Figure 3; 

35 Figure 5 is a graph of a preferred transfer function of a compensator included in the control module of Figure 4; 
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Figure 6 is a simpified schematic of the compensator shown in Figure 4; 
Figure 7 is a block diagram of a loganthmic RF detector 
Figure 8 shows the logarithmic RF detector in greater detail; 

Figure 9 is a Mock diagram of a second embodiment of a dual band transmitter for a cellular phone made in 
5 accordance with the present inventnn; 

Figure 10 is a bbck (Sagram of a second embodiment of a control module inckided in the dual band transmitter of 

Figure 9; and 

Figure 11 is a bk)ck diagram of a power ampifier inckided in the second embodment of the dual band 
transmitter. 

10 Detailed Descriotwn of the Preferred Embo(iment 

A mobile comntunicatkms system, for example according to the GSM standard is structured to have a variety of 
indhriduai regions called celk, and to comprise a variety of fixed transmitter stations caled base stations, and a plurality of 
mobile stations, the ceHuiar phones. Usualy, one base station defines one ceN and handles telephone traffic to and from 
celkilar phones which are currently kx:ated in the cell. 

1 5 Hgure 1 schematkraRy iustrates a dual band cehilar phone 3 made in accordance with the invention inducing an 

antenna 2. A portion of the case of the dual band ceMar phone 3 is cut away to show a motherboard 5 of the ceWar 
phone 3 with a dual band transmitter 1 positioned thereon. Although not shown in Figura 1, those skilled in the art win 
appreciate that the ceihiar phone 3 comprises a plurality of other components and functional modules, such as the 
components of a receive path and a transmit path. The celular phone 3 further includes a display and a keypad. 

20 The recewe path of such a dual band ceihiiar phone 3 kickides a radio frequency (RR receiver, an anatog^to^digital 

converter, a demultiplexer and a demodulator. The transmit path comprises a multiplexer, modulator, digital-to^analog 
converter and an RF transmitter. Further functwnal modules inckide, for example, a channel coder/decoder and a speech 
coder/decoder. Both the RF recewer and the RF transmitter are usualy connected to the antenna 2 by means of a diode 
switch which connects the antenna 2 either to the RF recewer or to the RF transmitter. 

25 The RF transmitler comprises an amplifier stage for amplfying the RF signals accordmg to electrical 

characteristka, for example, a defined power level versus time profia and a defined spectral mask, before the RF signab 
are fed to the antenna 2 and emitted as radio signals. The spectral mask and the power level versus line profie are 
defined in GSM Techiical Speciffcation GSM 05.05, July 1996, Version 5.2.0, emitted 'Digital cellubr telecommmicatkms 
system (Phase 2+); Racfio transmission and receptwn". Paragraph 4.2.2, and Annex B. 

30 Figure 2 iustrates a simplified embodiment of the transmit path of the dual band ceklar phone 3. WitWn the 

ceHubr phone 3, a processing modiJe 7 and the dual band transmitter 1 including two power amplifiers are positioned on 
the motherboard and interconnected between the antenna 2 and a microphone 9 of the celhlar phone 3. h this simpified 
ihistration, the processing module 7 performs most speech and signal processing in a transmit direction, for example, voice 
encotSng and channel encoding. The signal processing further mchides modulating an RF carrier of either 900 MHz or 1800 

35 MHz in the present embodiment with the processed speech signal. 
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Figure 3A shows a simplified block diagram of the dual band transnitter 1 shown in Figure 1. The dual band 
transmitter 1 includes two power amplifiers 4, 6 connected to the antenna t The power amplifiers 4, 6 receive an RF 
signal from an RF signal source (not shown) located within the cellular phone 3. For instance, the RF signal source may be 
included m the processing module 7 shown in Figure 2. In the illustrated embodiment, the RF carrier advantageously has a 

5 frequency of 900 MHz or 1 800 MHz depending on which RF carrier (6SM900 or DCS1 800) is chosen. 

The power amplfiers 4, 6 are associated whh a controller (not shown) located on the motherboard 5 shown m 
Figure 1. This controller monitors and controls the power amplifiers 4, 6 to ensure that an amplified RF signal output from 
an activated power amplifier 4, 6 conforms, for example, with the defined output power level versus time pr ofie (GSM 
05.051. The controBer compares the power of the RF signal fed to the antenna 2 with a reference signal and generates a 

1 0 control signal to control the active power amplifier 4. 6. Thereby, the active power ampifier 4, 6 and the controller f omi a 
feedback control bop, for example, a second order type 1 control loop. 

In the illustrated embodiment, the power amplifier 4 operates at a frequency band around 900 MHz, and the 
power amplifier 6 operates at a frequency band around 1800 MHl The power amplifier 4 may advantageously be the 
same as a power amplifier device RF130 available from Rockwell Semiconductor Systems as Order No. W229. The 

15 integrated amplifier circuit of the power amplifier device inchides a three-stage amplifier with heterojunctiofl bipolar 
transistors in Gaium Arsenide (GaAsI technology. The power amplifier 6 may advantageously be the same as a power 
amplifier device RF230 available from RockweM Semiconductor Systems as Order No. W225. The integrated ampfifier 
circuit of the power ampifier 6 also mcludes a three-stage amplifier with heterojunction bipolar transistors in Galium 
Arsenide (GaAs) technology. Those skiUed in the art w« appreciate that other power ampfifiers operating at these 

20 frequency bands can be used 

The power ampifier 4 receives an RF signal RF6SM, and the power ampfifier 6 recehres an RF signal RFDCS. 
However, those skiled in the art win appreciate that the power amplifiers 4, 6 can operate at another pair of frequency 
bands, for example, 900/1900 MHz. Because the ceWar phone 3 can operate at the two frequencies, it b referred to as a 
dual band cellular phone. However, it is contemplated that only one power ampSf ier 4, 6 is active at a time. 

25 Ahbough the specific embodiments of the dual band transmitter 1 are described with reference to a dual band 

celular phone, it is further contemplated that the invention is also appBcabie to cellular phones which can operate at more 
than two dWerent frequency bands. These frequency bands may inchide those assigned for AMPS or PCS. or newly 
assigned frequency bands for mobile^communications systems. 

Which frequency band the celkiiar phone 3 uses to communicate with the base station is detennined by external 

30 factors. That is, a user may deliberately set the celhibr phone to operate n one of the two frequency bands depending on 
the mobile comnnrications system IGSM900, 0CS1800, 6SM1900) the user chooses. Ahematwely, the frequency band 
of the celular phone 3 can be determined by the base station which currently serves the celhjiar phone 3. Depending on 
the current telephone traffk: in the cell served by the base station, a dynamic change of the frequency band may be 
necessary to allow more telephone traffic. In this case, the base station causes the cellular phone 3 to operate in one of 

35 the two fi^equency bands. 
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Figure 3B shows a block diagram of a first embodiment of the dual band transmitter shown in Figure 3A 
associated with a control module. An output 16 of the power ampfifier 4 is connected to a first input of a diplexer 19, and 
an output 18 of the power amplifier 6 is connected to a secor>d input of the dipteier 19. An output of the diplexer 19 is 
connected to an input 20 of an RF coupler 12, and an output 22 of the RF coupler 12 is connected to the antenna 2. 

5 Accordingly, each power amplifter 4, 6 can be connected to the antenna 2 via the diplexer 19. The diplexer 19 connects 
only one of the power amplfiers 4, 6 at a time to the RF coupler 12, and prevents that an RF signal from an actWe power 
amplifier 4, 6 is fed to the output 1 6 J 8 of the inactive power amplifier 4, 6, 

The dual band transmitter 1 further includes a control module 8 which controls the power amplifiers 4, 6 so that, 
for example, the prescribed power level versus time profile as defkied in the GSM standard (GSM 05.05) is achieved and 

10 maintained. For ifcstrative purposes, the control module 8 is shown as having a switch 14 and a controller 1 0. However, 
those skilled in the art wil appreciate that the lustrated division of the control module 8 is random and that other divisions 
are possible. The switch 14, which is comrolable through an electrical signal is connected to an input 24 of the power 
amplifier 4 and to an input 26 of the power amplifier 6. The control modute 8 receives input signals and generates an 
output signal which is fed to an input 28 of the switch 14. The signals which the control module 8 receives inchide a 

15 signal ENABLE, a reference signal REF and a coupled RF signal CS. Besides the signal from the controller 10, the switch 
14 receives a control signal SEL which operates the switch 14 between a first and second switch state to allow control of 
either the power amplifier 4 or the power amplifier 6. Preferably, the switch 14 is an electronic switch such as a diode 
switch. 

In the illustrated preferred embodiment of the transmitter 1, the power amplifiers 4, 6 are controlled by a single 
20 control module 8. Thus, the power amplfers 4, 6 share m control module 8 so that no dupication of control circuits is 
necessary resulting in cost savings for dual band ceMar phones. By means of the control signal SEl, the control module 8 
controls cither the power amplfierA or 6. Thus, the control module 8 is part of two separate feedback control loops. 

The RF coupler 12, for example, is a directional coupler which couples a portion CS, for instance -20 dB of a 
GSM signal and -15 dB of a DCS signal, of the ampified RF signal out and inputs this coupled portion CS of the amplified 
25 RF signal to the controller 1 0. Therefore, when the power level of the amplified RF signal changes, the power level of the 
portion CS changes also. Advantageously, the RF coupler 12 is made of two adjacent microstrips. The first miaostrip is 
part of a trace connecfmg, via the diplexer 19, the power amplifiers 4, 6 and the antenna 2 and guidng the amplified RF 
signal. A portion of the ampSfied RF signal couples from the first microstrip to the second microstrip. This portion 
constitutes the coupled portion CS as stated above. The second microstrip guides the portion CS to the controller 1 0. The 
30 couping efficiency of such an RF coupler 12 is deternwied by a spacing between the two microstrips and a length of the 
second microstrip with respect to the first microsirip. The second microstrip is on one end terminated with 50 ohms. At 
the end of the second microstrip, which is associated with the diplexer 19. a resistwe attenuator and a fihering circuit are 
interposed between the coupler 12 and the controller 10. The attenuator and the fihering circuit adjust the power level 
and the frequency response of the coupler signal CS. 
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As stated above, the frequency band which the celMar phone uses to communicate wrth the base station is 
determined by external factors. An internal centrai controller (not shown) of the cellular phone 3 selects the RF carrier and 
generates the control signal SEL depending on these external factors. The control signal SEL controls the switch 14 to 
connect the controller 1 0 to the power amplifier 4 or to the power ampif ier 6. As soon as the controller 1 0 b connected 
5 to one of the power antpf fiers 4, 6 the respective power ampifier 4, 6 is activated while the other power ampftfier 4, 6 
remains deactive or is deactivated. 

Figure 4 is a block diagram of a preferred embodiment of the control module B shown in Figure 3B. The control 
moduh fl racefves the cm^M RF signal CS and the sign^ REF« Sa and ENABLL The control modub 8 comprises a serial 
arrangement of an RF detector 30, a (Sflerential ampHier 32, an integrator 36 and a compensator 38. The coupled RF 

10 signal CS is input to the RF detector 30 which outputs a DC voltage that directly corresponds to the power level On dBm) 
of the coupled RF signal CS and thereby indirectly to the amp&fied RF signal Further, the properties of the RF detector 30 
are preferably such that the DC voitage does not depend on the frequency of the input (coupled) signal CS, for instance, 
900 MHz or 1 800 MHz in the described embodiment. 

The differential ampifier 32 compares this DC voltage with a vohage of the control signal REF and outputs an 

1 5 error signal (voltage) which is proportional to the difference (enror) between the signals CS and REF. The reference signal 
REF has a shape which corresponds to the 'ideal* power level versus time profk. Thus, the ideal and the actually emitted 
power level versus time profiles are compared. 

The hteyator 36 comprises an operational ampifier 37 and a capacitor 34 which determines a time constant of 
the integrator 36. For example, the time constant is about 1 mWsecond which corresponds to a cut off frequency of about 

20 1 kHL The integrator 36 outputs a signal whkh corresponds to the accumulated difference between the control signal 
REF and the coupled signal CS, i.e., the enror signal, h is contemplated that a positive enror (i the reference signal REF is 
larger than tiie detected coupled portion CS of the RF signal) is added to, and that a negative error (Le., the reference signal 
REF is smaier than the detected coupled portion CS of the RF signal) is subtracted from the accumulated error signal. 

Mealty, the transfer functions of the power amplifiers 4, 6 are such that the output power levels of the RF 

25 signals are proportional to the control signals input to the inputs 24, 26 of the power ampGfiers 4, 6, respectively. 
However, power ampifiers typically do not have a inear transfer function but a noninear transfer function. As the output 
power from tfw power ampifier 4, 6 increases, a given change of the control signal applied to the inputs 24, 26 produces a 
smaller change in the output power of the power ampifier 4, 6. 

The compensator 38 generates a compensation signal COMP which serves to compensate for such nonlinearities 

30 of ti» transfer functions of tfw power ampSfiers 4, 6. The compensator 38 inchides a circuit whkA weights the 
accumulated error signal in accordance witti a shaping transfer function, A graph of an advantageous shaping transfer 
f unctwn is shown in Figure 5 vifherein the output vohage is a function of the input voltage V^^ The illustrated graph, 
which has approximately a wavc ike shape afong a line with a positive slope, generally shows that tiie greater the 
accumulated error signal, the more gain is applied to the signal This shape approximates a function which is 

35 complknentary to the transfer function of the power ampifiers 4, 6 such that a linear function is achieved. The feedback 
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control loop formed by one of the power ampkfiers 4, 6 and the control module 8 which includes the compensator 38, 
therefore, maintains a constant loop gain of about 40 dB. 

The compensator 38 is connected to the switch 14 which is controlled by the control signal SEL. Depen(fing on 
the position of the switch 14, the compensation agnal COMP is either input to a driver amplifier 40 for 6SM900 operation 
5 or kipirt to a driver amplifier 42 for DCS1 800 operation. The driver amplifier 40 is connected to the power amplifier 4, and 
the driver anpif ier 42 is connected to the power ampifier 6. The driver ampifiers 40, 42 output signab, drive currents, to 
control the respective power amplifiers 4, 6. For instance, an increasing signal controls the power amplifier 4, 6 to 
increase the power level of the ampified RF signal For instance, the drhfer amplifier 40 allows a maximal ddve current of 
about 100 milGamperes in case a Rockwel RF1 30 power amplrfier 4 is used, and the driver ampfifier 42 alows a maximun 

10 drive current of about 80 nvKannperes in case a Rockwel RF230 power amplifer 6 is used. The driver ampHriers 40, 42, 
therefore, imit the drive currents to upper fcmits to avoid excessfve heating of the power ampfifiers 4, 6. 

The control module 8 has two switchable outputs which alows to provide two separate current fmits for the 
power amplifiers 4, 6, Because the control module 8 is switchable, it is part of two feedback control loops, each includmg 
one power amplifier 4. & The control module 8, therefore, adjusts each loop gain independently. 

15 As it is known in the art, there are two electrical specifications in signal transmission, single-ended and 

differential The single-ended version uses a single ine for each signal referenced to a common ground. The differential 
version uses a pair of fines, sometimes referred to as "positive* and 'negative', to differentiate actual signals from noise. 
Those skiled in the art wi appreciate that the components of the control module 8 can be implemented in the single^ded 
version or the differential version depending on the requirements regarding noise. Figures 4, 7, 8, 10 and 11, therefore, 

20 show embodiments kt the single-ended version for iiustrative purposes, whereas Figure 6 shows a component of the 
comrol module 8 in the differential verswn. However, it is contemplated that the two versions are equhr atent. 

A preferred embodiment of the compensator 38 is shown in Rgure 6. The compensator 38 is implemented ki the 
differential version. The compensator 38 has inputs V^., for first and second accumulated error signals, and outputs 
V^*, for first and second compensation signals. The compensator 38 is connected to ground and to a vohage supply 

25 providing a positive voltage. The compensator 38 comprises a first forward path generally formed by Uansistors Q1, 04, 
Q5 and Q8 for the accumulated error signal Vp^, and a second forward path generally fonned by transistors 02, Q3, 06 
and Q7 for the accumulated enror signal V,^ Further, the compensator 38 comprises a first feedback circuit generally 
formed by transistors Oaand^M whidi are connected between the output of the first forward path and the input V,.^ 
of the first forward path. Similarly, a second feedback circuit is generally formed by transistors QIC and Q12 which are 

30 connected between the output Vout+ of the second forward path and the input V;^ of the second forward path. The 
transistors Q1-Q4, Q94112 are npn transistors, and the transistors 05-08 are pnp transistors, each having a base, a 
collector and an emitter. 

In the first forward path and n the first feedback circuit, the transstors operate and are connected as set forth 
below. Those skiled m the art wll appreciate that the transistors of the second forward path and the second feedback 
35 circuit operate and are connected correspondingly, as shown in Rgure 8 and not described ki greater detai herein. 
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The co»ector of the transistor 01 is connected to a resistor Rl, to the colectors of the transistors Q9, Ql I and 
to the base of the transistor 04. The colector of the transistor 04 is connected to the vohage supply, and the emitter of 
the transistor 04 is connected to a grounded resistor R2 and to the base of the transistor 05. The emitter of the transistor 
05 is connected to the vohage supply via resistors R3. R4, and the collector of the transistor Q5 is connected to a 
5 grounded resistor R5 and to the base of the transbtor 08. The collector of the transistor 08 is grounded and the emitter is 
connected to the base of the transistors 09, 01 1. and to the vokage supply via a resistor R6. The emitter of the transistor 
09 is connected to a grounded resistor R7, and the collector of the transistor 01 1 is connected to ground via resistors Ra, 
Rg. 

The resistors used in the compensator 38 are illustrated as passwe resistors. However, it is contemplated that 
10 some of the resistors, for example, the resistors R2, R5, R6, R7, R9 can be implemented as active loads, for example, by 
means of bipolar trar^tors. 

The transistors 01, 03, 05 and 08 of the first forward path operate to amplify the input signal in 
accordance with a preset ampfification factor. When a posithre input voltage is applied to the base of the transistor 01, 
the transistor 01 is activated and an amplified version of the input voltage is appied to the base of the transistor 04 which 
1 5 operates as emitter follower. The activated transistor 04 draws a current which causes a vohage drop across the resistor 
R2 whereby the transistor 05 is activated Similarly, the transistor 08 is activated drawing current through the resistor 
R6. 

The first forward path generates an output signal V« which is proportional to the input signal V^.. As the 
emitter of the transistor 08 is connected to the base of the transistor 09 and 01 1, the drawn current or tfie voltage drop 
20 across the resistor RB determines when the transistors 09 and 01 1 are activated. VKhen the transistor 09 is active a 
current which depends on the output voltage at the transistor 08 is drawn through the resistor R1 and the cotector of 
the transistor 09 providing a negative feedback patii which reduces the overall gain of the compensator 38. Because two 
serial resbtors R8, R9 are connected to tt»e emitter of the transistor Oil. a twgher base-emitter voltage is needed to 
acthratB tfw transistor 01 1 tiian to activate the transistor 09. Thus, with an inaeasing output signal the transistor 
25 01 1 is activated after the transistor 09 is activated. When the transistor 01 1 is active, an additional negative feedback is 
appRed to the compensator 38. 

Because the applied feedback is dependent on ti)e output voltage V,^^ tiie nonlinear Uansfer function can be 
generated by selecting the-f orward^ficdtioiMnd the^amount t f the feedback. 

The RF detector 30 (Figure 4) receives a portion of ti)e amplified RF signal which has a frequencies of 900 MHz 
30 or 1800 MHz and which is modulated by a speech or data signal Such an RF signal must be delected before it can be 
processed. One example of an RF detector is a semiconductor diode which provides tiie amplitude of the RF signal 
However, RF detectors with a semiconductor (f ode have a relatively low dynamic range. Therefore, in appBcations where 
a high dynamic range is desirable, other RF detectors may be used. 

Figure 7 shows an embodiment of an RF detector 30 which is preferably included in the control module 8 shown 
35 in Figure 4. The illustrated RF detector 3D is a principal block diagram of a logaritfimk: detector which provides a dynamic 
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range in excess of 50 dB. The RF detector 30 has an input 92 for receiving an RF signal (the coupled portion CS) and an 
output 94 fora DC vohage that corresponds to the power level of the RF signal CS. Advantageoushf. the RF detector 30 
comprises four cascaded ampifiers 44, 46, 48, 50. Each amplifier 44-50 has a gain is adjusted with respect to the 
remaining ampBriers 44-50 such that successive ampifiers 44-50 saturate at progressivehf higher pov^er levels. As the 
povinir level increases after each amplifier 44-50, successivB ampBfiers saturate thereby reducing the rate of increase of 
the output vohage of the RF detector. Each amplifier eutput is conoected to a detector 52. 54, 56, 58 whose output is 
connected to an adder 60 which sums aB detected outputs of the ampSfiers 44-50 thereby generating the output signal 
(OUT) of the logarjtfBiic detector which is input te the dHferertial aropifier 32 shown in Figure 4. 

The logarithmic detector is used in a feedback control bop, which includes the first power amplfier 4 or the 
second power ampifier 6, to control the power transmitted by the acthre power amplfier 4, 6. Besides that the 
logarithnic detector provides a wider dynamic range (greater than 50 dB in the ilustrated embodenentl compared to a 
conventional diode detector, the logarithmic detector provides a inear voltage response. Such a wider dynamic range 
allows the power feedback control loop to remain in tock ever a wider dynamic range which is of advantage as the GSI« 
standard specifies power leveb withki a range of 70 dB (minimum to maxknum). Further, the ttnear voltage response 
aNows a simple linear transfer of the reference signal to the profie of the power output 

Furthermore, as dacussed above; power ampHkirs exhibit a gain saturation at higher output power levels, i.e.. a 
given change hi the kiput power level produces a smaller change ki the output power level This reduction in gain of a 
power amplfier, n turn, reduces the gaki of the ctosed loop and the bandwklth of the power control toop. Wealy. such 
parameters as the bandwidth and the gaki of the cksed kiop shouU reman constant within the operatmg range of the toop. 
UsHig the compensator 38 helps to makitaki these panmeters constant. 

Figure 8 shows a preferred embodknent of the logaiithmk: detector shown n Figure 7. Tlie mput 92 of the 
ilkistrated bgarithmk: detector 30 receives the RF signal CS which is converted to a DC voltage and fed to the output 94. 
IntemaBy, the togarithmk: detector 30 has a branched signal path between the kiput 92 and an adder 88 whfch is 
connected to the output 94. A first signal path comprises cascaded amplifiers 68, 70, 72 and detectors 82. 84, 86 which 
are connected m accordance with the structure of the togarithmk: detector shown hi Figure 7. 

A second path comprises an attenuator 90. ampifiers 74, 76, and detectors 78, 80. Tins attenuator 90 is 
mterconnected between the Hiput 92 and an Input of the ampHfier 74 which is operated as a gam butter with unity gam. 
The oulpuuf the amp«ier-74 is mput to the amplifier 76 and also to the detector 80 which is connected to the adder 88. 
Sknilaiiy, the output of the amplfier 76 is kiput to the detector 78 which is ako connected to the adder 88. 

Each detector 78, 80, 82. 84, 86 is a fulwave rectifier whkh converts an RF signal kito a DC voltage virtiich is 
input to the adder 88. 

The attenuator 90 has a preset atteraiatton, for exampte, an attenuation of about 20 *. In the second path, the 
portton of the mconing RF signal CS is first attenuated before the RF signal CS is detected, whereas in the fkst path, the 
RF signal CS is not attenuated. Advantageously, the logarithmk: detector 30 allows detection signal having a higher power 
level so that the RF signal CS is detected without increasing the DC power consumption of the togarithmk detector. 
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Hgtire 9 shows a block di agram of a second embodknent of the dual band transmitter 1 shown in Figure 3B. The 
second embodiment of the dual band transmitter 1 has a structure which is simiar to the structiffe of the first embodiment 
of the dual band transmitter 1. Therefore, regarding a description of the general structure of the second embodiment 
reference is made to the description of Figure 3B, and only deviations of this general structuf e are described hereinafter. 

5 A controller 1 V which is part of a control module 8' controls the switch 14 as deserted with reference to Figure 

3B. The control module 8' also receives the control signals SEU REF and ENABLE. 

In this second embodvnent, the conUoler 1 V receives control signals CI, C2 which originate from the power 
amplifiers 4, 6, respectively. The control signal CI is indkative of a current drawn by a final amplification stage of an 
active power amplifier 4. wNch is shown in Figure 1 1 in greater detail This current is an accurate indication of the RF 

10 power transmitted by the power anr^*fier 4. As long as the output impedance of the power ampfifier 4 is constant this 
measurement of the transmitted RF power is essentialy independent from the radio frequency. 

Correspondingly, the control signd C2 is indicatwe of a current drawn by a final amplfication stage of the power 
ampifier 6. h is contemplated that only an active power amplifier 4, 6 generates one of these control signals CI. C2 so 
that only one control signal CI, C2 b availaMe at a time. 

15 As indicated in Figures 9, 10, the outputs 23, 25 of the power amplifiers 4, 8, respectively, are connected to a 

switch 31 within the control module 8'. Because only ore control signal CI, C2 is available at a time, only one control 
signal CI, C2 is output from the switch 31 and input to the differential amplifier 32. Preferably, the switch 31 is 
electrtcally controllable, for example, a dknie switch. 

The integrator 36 comprises the operational amplifier 37 and the capacitor 34 which determines the time 

20 constant of the integrator 36 as dkcussed *ove. The integrator 36 outputs a signal which corresponds to the 
accumulated difference between the control signal REF and the selected control signal 01. C2. It is contemplated that a 
positive error fi.e, the reference signal REF is larger than the control signal CI, C2) is added to. and that a negative error 
ILe., the reference signal REF is smaBer than the control signal CI, C2) is subtracted from the accumulated error signal. 

The integrator 36 is connected to the switch 14 which is controled by the control signal SEL Depending on the 

25 position of the switch 14, the output of the integrator 38 is either input to a driver amplifier 40 for BSM9D0 operation or 
input to a driver amplifier 42 for DCS1 800 operation. Further components of the control module 8' are described above in 
connection with Rgure 4. 

A^chematic iltosuation of a power amplifier 4 is $hown« Figure 11. The power amplifier 4 comprises three 
cascaded amplification stages 62, 64, 66, which are advantageously transistor stages, such as in the power amplifier 

30 devices RF130, RF230 available from Rockwell Semiconductor Systems. Other conventional power amplfiers are also 
acceptable. The first amplification stage 62 receives an RF signal, for example, the signal RF6SM as shovim in Figure 9. 
The tNrd amplification stage 66 outputs an amplified RF signal and feeds h to the antenna Z Each amplification stage 62, 
64, 66 is connected to a battery terminal BAT via a resistor R1, R2. R3, respectively. The resistors R1, R2, R3 represent 
supply traces leading to the ampBfication stages 62, 64. 66. The current drawn can be detemwned by measuring the 

35 voltage drop in the supply traces, i.e. aaoss the resistor R3, leading to the final amplification stage 66. The power level of 
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the amplified RF signal is proportional to the drawn current so that a certain value of drawn ciirent eomssponds to a 
certain power level of the amplfied RF signal 

In addition to tf» advantage of sharing a conwHrn control module 8' by the power amplifiers 4, 6, the second 
embodiment of the dual band transmitter 1 alows to overcome difficulties in samplng. as the RF power level is not iSrectly 
5 sampled but inferred from a low frequencylDC current measurement. This also removes a need for a radio frequency 
detector circuit Thus, measuring the drawn cunent provides a simple method of detecting the power level of an emitted 
RF signal and to use the drawn current in a power control circuit m a dual band ceBular phone. 

Attbough this invention his been described n terms of certain preferred embodimems, other emboifcnents that 
are apparent to those of ordmary ski in the art are also within the scope of this invention. Accordmgly. the scope of the 
1 0 invention is intended to be defined by the claims that follow. 
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WHAT IS CLAIMED IS : 

1. A ceBular phone for a mobile comnwiicationj system, said phone being operable at a first radio 
frequency band and a second radio frequency band comprising a dual band transmitter and an antenna, said dual band 
transnvtter comprising: 

5 a first power anpHier. said first power amplifier having a first input for a first signal at said first rado frequency 

band, a second input for a first control signal and a first output for an amplified first signal, said first output being 

conoectable to said antenna; 

a second power amplifier, said seami power ampifier having a third input for a second signal at said second 
radio frequency band, a fourth input for a second control signal and a second output for an ampSfied second signal, said 
1 0 second output being connectable to said antenna; and 

a control module, said conUol modiie being associated with said first and second outputs to receive a portion of 
one of said amplified first and second signals, and generating one of said first and second control signals to control one of 
said first and second power amplifiers, said control signal being a function of one of said first and second ampWied signals 
and a reference signal. 

15 1 Tlie celular phone of Clain 1, wherein said first radio frequency band is about 900 MHz. and said 

second radio frequency band is about 1800 MIfz. 

3. The cellular phone of Claim 1, wherein said first radio frequency band is about 900 MHz, and said 

second radio hequency band is about 1900 MHz. 

4. The cellular phone of Claim 1, wherein said control module comprises: 

20 a detector, said detector having an input for a portioii of an ampified signal derived from one of said 

amplified first and second signals, and an output for a detection signal imicative of the power level of said amplified signal; 

a comparator having an mput wHch receives said reference signal and having an input which receives 
said detection signal, said comparator generating an error signal corresponiSng to a difference between said reference 

s'ignd and said detection signat and 
25 a shaping circuit said ckcuit weighting said error signal in accordance with a predetermined desired 

power characteristic to generate said control signal which accounts, at least in part, for nonlinear ampHication 
characteristics of said power amplifiers. 

5. Brcellulai phone of Om 4, wherewi said comparator comprises a cfifferential amplifier. 

6. The cellular phone of Claira 5, further comprising an integrator, said integrator integrating said error 
30 signal to output an integrated error signal, and wherein said shaping ckciit weighu said integrated error signal as said 

error signal. 

7. The cellular phone of Claim 4, wherein said conUol module further comprises a switch, said switch 
being controBable and feeding said control signal to one of said power amplifiers. 
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8. The cellular phone of Claim 1. wherein said control module further comprises a first ampQfier and a 
second amplifier, said first ampifier being connected to a first terminal of said switch and driving said first power ampSfier, 
and said second amplifier being connected to a second terminal of said switch and driving said second power amplifier. 

9. The ceilular phone of Claim 4, wherein said detector is a logarithmic detector. 

5 10. The cellular phone of Claim 9, wherein said logarithmic detector comprises a first signal path and a 

second signal path, said first and second ^al paths being joirwd at an input of the logarithmic detector and at a summing 
stage assodated with an output of the logarithmic detector, said first signal path comprising a serial arrangement of a first 
number of ampEfiers and an equal number of detectors, each detector being jntercennected between an output of an 
ampifier and an input of the summing stage, said second signal path comprising a serial arrangement of an attenuator, a 

10 second number of onpifiers and an equal number of detectors, each detector being interconnected between an output of 
an amptifier and an input of the summing stage, said attenuator being interconnected between the input of the logarithmic 
detector and a first amplifier of the second signal path. 

11. The celular phone of Claim 10, wherein said first signal path comprises three amplifiers and said 
second signal path comprises two amplifiers. 

15 12. A Uansmitter for a celular phone comprisng an antenna and being operable at a first radio frequency 

band and a second radio frequency band, said uansmitter comprb'mg: 

a first power amplifier, said first power amplifier having a first input for a first signal at said first radio frequency 
band, a second input for a first control signal and a first output for an amplfied first signal, said first output being 
connectable to said antenna; 

20 a second power ampifier, said second power amplifier ha^ng a third input for a second signal at said second 

radio frequency band, a fourth input for a second control signal and a second output for an ampfified second signal, said 
second output being connectable to said antenna; and 

a control module, said control module be'mg associated with said first and second outputs to recehre a portion of 
one of said amplified first and second signals, and generating one of said first and second control signals to control one of 
25 said first and second power amplifiers, said control signal being a function of one of said frst and second amplified signals 
and a reference signal. 

13. The transmitter of Claim 12, where'm said control module comprises: 

a detector, said detector-having ^ input for a portion of an ampified signal derived from one of said 
amplified frst and second signals, and an output which, responshre to said input, provides a detection signal corresponding 
30 to said portion; 

a comparator having an input which receives said reference signal and having an input wNch receives 
said detection signal, said comparator generating an error signal corresponding to a difference between said reference 
signal and said detector signal; and 
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a shaping ckcut, said circiit weightino said errof signal in accordance with a predetermined deared 
power charartetislic to generate said control signal which accoutrts at least in part, for nonlnear amplification 
characteristicj of said power amplfiers. 

14. The transmitter of Claim 4, wherein said comparator comprises a (fifferential amplfier. 

15. The Uansmitter of Claim 5, further comprising an integrator, said integrator integrating said error signal 
to output an integrated error signal, and wherein said shaping circuit weights said integrated error signal as said error 
signal 

16. The tiansmitter of Claini 13, wherein said control moduie further comprises a switch, said switch 
being controlable and feeding said control signal to one of said power ampifiers. 

17. The transmitter of Claim 16, wherein said control module further comprises a first amplifier and a 
second amplfier. said first arvifier beng connected to a fint terminal of said switch and driving said first power amplifier, 
and said second amplifier being connected to a second terminal of said switch and driving said second power amplifier. 

18. The uansmitter of Claim 1 7, wherein said detector is a logarithmic detector. 

19. The transmitter of Claim 18, wherein said logarithmic detector comprises a first signal path and a 
second signal path, said first and second signal paths being joined at an input of the logarithmic detector and at a summing 
stage associated with an output of the logarithmic detector, said first signal path comprising a serial arrangement of a first 
nimber of amplifiers and an equal mimbor of detectors, each detector being interconnected between an output of an 
amplifier and an input of the sunming stage, said second signal path comprising a serial arrangement of an attenuator, a 
second number of ampifiers and an equal number of detectors, each detector being interconnected between an output of 
an amplifier and an input of the sumiing stage, said attenuator being interconnected between the input of the logarithmic 
detector and a first amplifier of the second signal path. 

20. The transmitter of Claim 19, wherein sad first signal path comprises three amplifiefs and said second 

signal path comprises two ampifiers. 

21. A control module for a dual band transmitter in a cellular phone, said dual band transmitter comprising 

first and second power ampGfiers. said module comprismg: 

a logarithmc detector, said detector having an input which receives a portion of a signal derhred from 
an ampified RF signal, and w output which in response to said input, provides a detection signal corresponding to said 
signal portion.' 

a differential amplifier, said differential ampifier having a reference input which receives a reference 

signal ami having a detectioii signal input wWch receives said detection signal said ampTilier generating an error signal 

corresponding to a deference between said reference signal and said detector signal; 

an integrator, said integrator integrating said error signal and generating an integrated error signat and 
a shaping circuit, said circuit weighting said integrated error signal in accordance with a predetenwned 

power level characteristic to generate said control signal which accounts, at least in part, nonlinear amplification 

characteristics of said power ampifiers. 
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22 The control module of Claim 1 1, further comprising a switch, said switch being conUoDable and feeding 
said control signal to one of said power ampifiefs. 

21 The comrol module of Claim 18, further comprising a first ampfifier and a second ampffier, said first 
amplifier being connected to a first terminal of said switch and driving said first power ampfifier, and said second amplifrer 
5 bong connected to a second terminal of said switch and driving said second power ampifier. 

24. The control module of Claim 21, wherein said bgarithmic detector comprises a first signal path and a 
second signal path, said first and second signal paths being joined at an input of the logarithmic detector and at a summing 
stage associated with an output of the logarithmic detector, said first signal path comprising a serial arrangement of a frst 
number of ampifiers and an equal number of detectors, each detector being interconnected between an output of an 

10 ampifier and an input of the summing stage, said second signal path comprising a serial arrangement of an attenuator, a 
second number of annpf fiers and an equal number of detectors, each detector being interconnected between an output of 
an amplifier and an input of the summing stage, said attenuator being interconnected between the input of the logarithmic 
detector and a first antplifier of the second signal path. 

25. A method for controlling an output power level of a dual band ceUar phone, comprising the steps of: 
15 providing a dual band transmitter comprising a single control module, and first and second power 

amplifiers which are coupled to an antenna; 

activating one of said first and second power amplifiers; 
feeding an RF signal to said activated power ampifier 
ampfifying said RF signal with said activated power amplifier; 
20 f eedmg said amplified RF signal to said antenna; 

coupling a portion from said ampified RF signal; 
feeding said portion to said single control module; 

detecting said portion and generating a detector signal corresponding to said portion; 
comparing said detector signal with a reference signal to generate a control signal for said activated 
25 power ampifier; and 

feedi)g said control signal to the activated power ampifier to control the activated power ampifier to 
provide an amplified RF signal which is in accordance with a desired signal characteristic defined by the reference signal 
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